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ON THE COVER - The area of the heavens around the Orion Constellation, 
shown in the cover photograph made through the 120-inch telescope of the Lick 
observatory, is also the region of observations with an infrared telescope de- 
veloped by University of Minnesota asiro-pilysicists. The infrared sensory equip- 
ment reveals stellar bodies that could not be studied by conventional telescopes, 
and it is expected to provide data on the birth of stars. 
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1, INTRODUCTION 

m e  E B M  I language is an interactive language designed 

for the symbolic manipulation of polynomials and rational functions. 

It is written in SNOBOL 67, a dialect of SNOBOL3, and runs on the 

SDS 940 under the COMSHARE* W-series Executive System, Due to 

space lhitations EBRA I will not run in the current COWWARE 

.version of SNOBOL, Wowever, it could be readily modified to run 

under any SEJQBOL3 or SNOBOL4 system with sufficient space available, 

1.1 The ALGEBRA Manipuh tion Problem 

Algebra manipulation is a relatively new area of computer 

applications where one attempts to take advantage of the synbol 

manipulating capabilities of the digital computer rather than its 

arithmetic capabilities. Since there are significant technical 

problems where the algebraic manipulation required in analysis is 

quite difficult, it is natural to seek the aid of the digital 

computer in carrying out the analysis. However it should be 

emphasized that the goal of this computation is usually manipulation 

rather than solution, m e  computer perfoms symbolic manipulations 

as instructed by the progr er, but it does not make decisions 

about what manipulations are needed, This distinction between 

problem solving systems and mnipulation systms is important, 

The former may require a e  latter but the converse is not true. 

n Aatbor, Michigan, sells time-shared serarice on 

the SDS 940. 



Since t h e  goal  of a lgebra  manipulation i s  t o  aid t h e  h 

i n  complex s+ol saanipulation t a s k s ,  c l o s e  cooperation between 

man and machine i s  des i red ,  Most of t h e  dec i s ions  are t o  be made 

by t h e  man on t h e  basis o f  data provided by t h e  machine, Thus 

an  i n t e r a c t i v e  o r  on-l ine s i t u a t i o n  i s  most product ive,  A t  

p resen t  t h i s  sorL of environment i s  a v a i l a b l e  a t  reasonable 

expense only through t h e  u s e  o f  a time-shared system. I n  t h e  

design of  t h e  ALGEBIUI. language t h e  importance of  man-machine 

i n t e r a c t i o n  has been a prime cons idera t ion  and t h e  opera t ion  of  

t h e  language on a time-shared f a c i l i t y  has  been considered a 

necess i ty ,  

The b a s i c  i d e a  of computer-aided a lgebra  manipulation h a s  

a r i s e n  i n  a n er of d i f f e r e n t  p laces ,  Ear ly  languages w e r e  t h e  

language, a superse t  of  FORT , developed a t  IBM, and 

t h e  ALP= [3] and ALT languages developed a t  B e l l  Telephone 

Laborator ies .  I n  recent  years  a n e r  of o t h e r  languages have 

been reported bu t  almost a l l  of t h e s e  are batch  processed languages 

Packing the man-machine i n t e r a c t i o n  s o  e s s e n t i a l  t o  t h e  success  

of t h i s  approach t o  problem solving.  Notable except ions a r e  t h e  

language which m n s  on a dedicated computer system bu t  
f- -.L 

does provide f o r  use r  i n t e r a c t i o n  and t h e  MATHLAB systern L6] on 

t h e  P m j e c t  m C  c m p u t e r  a t  mT, E B M  E is  apparent ly  the f i r s t  

genera l  g u q o s e  a lgebra  manipulation language mnning on a 

c o m e r c i a 1  t h e - s h a r e d  computer system, 
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1.2 ~ p p l i c a t i o n s  

Algebra manipulation languages are u s e f u l  in solv ing  problems 

which involve long complex a lgebra ic  manipulation s t e p s  too  t ed ious  

f o r  p r a c t i c a l  human hand computation, Since t h e  machine can 

p e r f o m  e r r o r  free manipulations of g r e a t  complexity a t  high speeds,  

it o f f e r s  considerable  extension o f  human performance. Applicat ions 

of  t h i s  c a p a b i l i t y  have been reported in:  

1) determining equi l ibr ium condit ions i n  s t r u c t u r a l  mechanics 

2 )  pe r tu rba t ion  s o l u t i o n s  of  nonl inear  o rd ina ry  d i f f e r e n t i a l  

equat ions 

3) o r b i t  c a l c u l a t i o n s  

4 )  s t u d i e s  o f  h igh  energy p a r t i c l e  i n t e r a c t i o n s .  

I n  most of the previous app l i ca t ions  t h e  required manipulation 

s t e p s  were known b u t  w e r e  t o o  complex f o r  hand ca lcu la t ions .  

Thus an algori thm f o r  t h e  requi red  a lgebra ic  manipulation could 

ed on a batch-processing computer system t o  ob ta in  t h e  

des i red  r e s u l t s .  

There e x i s t  o t h e r  c l a s s e s  of problems where t h e  required 

manipulative s t e p s  a r e  not  known a p r i o r i  and an algori thm f o r  a 

batch  processed language cannot be descr ibed i n  advance. For 

t r e a t i n g  such problems an i n t e r a c t i v e  system i s  requi red  so t h a t  

t h e  opera to r  can view in termedia te  r e s u l t s  and make dec is ions  

about f u r t h e r  processing s t e p s  on t h e  b a s i s  of  t h e s e  intermediate  



r e s u l t s .  Fo r  t h e s e  problems t h e  a lgo r i t hm must be developed 

h u e r i s t i c a l l y  as t h e  s o l u t i o n  proceeds--possibly by t r i a l  and 

error--under  c o n t r o l  o f  t h e  mn-machine team, I t  is  f o r  t h i s  

second c l a s s  o f  a l g e b r a  manipulat ion problems t h a t  t h e  EBRA 

system i s  s p e c i f i c a l l y  s t r u c t u r e d .  User-problem and man-machine 

i n t e r a c t i o n  have been given major c o n s i d e r a t i o n  i n  a l l  phases  of 

t h e  system des ign .  

1.3 Ou t l i ne  of  Language F e a t u r e s  

me AWEBW I language i s  designed f o r  t h e  manipulat ion of 

polynomials and r a t i o n a l  f u n c t i o n s  having n ers and parameters  

i n  t h e  c o e f f i c i e n t s  and exponents.  Polynomials and r a t i o n a l  

functioras a r e  a s s igned  n m e s  on i n p u t  and m y  be re fe renced  by 

n m e  i n  a l l  f u e h e r  manipulat ion.  Operat ions  a v a i l a b l e  t o  the u s e r  

are: a d d i t i o n ,  s u b t r a c t i o n ,  m l t i p l i c a t i o n ,  d i v i s i o n  and d i f -  

f e r e n t i a t i o n  o f  r a t i o n a l  f u n c t i o n s ,  p l u s  i n t e g r a t i o n  o f  p o l y n o d a l s .  

"Pkbs u s e r  may also make s & s $ i t u t i o n s  o f  r a t i o n a l  f u n c t i o n s  f o r  t h e  

v a r i a b l e s  i n  other r a t i o n a l  f u n c t i o n s ,  

The i n p u t  f o m a t  i s  v e r y  f l e x i b l e  w i th  normal mathematical  

n o t a t i o n  used wherever p o s s i b l e ,  Hnput s t a t emen t s  may be executed  

l i n e  by l i n e  o r  saved as b locks  o r  p r o g r m s  t o  be executed a t  a 

l a k e r  t i m e ,  Line  e d i t i n g  f e a t u r e s  f o r  s t o r e d  b locks  o f  s t a t emen t s  

a r e  a l s o  provided.  S p e c i a l l y  des igna t ed  b locks  called procedures  



prov ide  user de f ined  "subrout ines"  o f  a l g e b r a  manipulat ion state- 

ments which can be called w i t h  r a t i o n a l  func t ions  as arguments,  

No prev ious  knowledge o f  SNOBOL o r  any o t h e r  computer language 

i s  r equ i r ed .  I t  i s  in tended  tha t  anyone f a d l i a r  w i t h  c o l l e g e  

a l g e b r a  o r  c a l c u l u s  can l e a r n  t o  u s e  t h e  ALGEBRA system i n  a 

n e g l i g i b l e  pe r iod  of t i m e .  However, a more s o p h i s t i c a t e d  u s e r  w i th  

some knowledge o f  SNOBOL can i n c l u d e  SmBOL s t a t emen t s  i n  h i s  

EBRA programs t o  prov ide  f o r  complex tests and c o n d i t i o n a l  

branching.  

1,4 Organiza t ion  of  t h e  Manual 

The ALGEBRA I manual i s  in tended  t o  provide  p o t e n t i a l  u s e r s  

wi th  a d e t a i l e d  d e s c r i p t i o n  o f  t h e  language and t h e  r equ i r ed  data 

f o m a t ,  Sec t ion  2 covers  data format ,  Sec t ion  3 cove r s  t h e  syn tax  

and semant ics  o f  the A W E B M  language,  Sec t ion  4 describes t h e  

opesakion o f  t h e  EBRA I system and Sec t ion  5 g i v e s  some exzubple 

p m g r a s .  $he v a r i o u s  appendices i n  Sec t ion  7 d e s c r i b e  impo%tant 

detai ls  about  system o r g a n i z a t i o n  and ope ra t ion ,  D iagnos t i c s  

are desc r ibed  i n  de ta i l  i n  Sec t ion  7.2 and a command s 

inc luded  i n  Sec t ion  7-4,  

me B W  meta-language i s  used on some p l a c e s  t o  d e s c r i b e  

t h e  language syntax.  ft is hoped t h a t  t hose  n o t  familiar w i t h  BNP 

w i l l  f i n d  t h e  a s s o c i a t e d  word d e s c r i p t i o n s  adequate f o r  under- 

s t and ing  t h e  s y n t a c t i c  d e s c r i p t i o n s  and l ea rn ing  BNF, 



A new u s e r  who wants t o  l e a r n  t h e  language r a p i d l y  can probably 

b e n e f i t  most from s k i m i n g  S e c t i o n s  2 and 3 ,  reading Sec t ion  4 

and then  t r y i n g  t h e  system (ge t  on the t e l e t y p e )  u s ing  S e c t i o n  5 

t o  l e a r n  the load ing  procedure  and r e f e r r i n g  t o  t h e  command 

summary f o r  f u r t h e r  details,  

2 .  D a t a  S t r u c t u r e s  

The b a s i c  data element i n  t h e  ALGEBaA language i s  t h e  

a l g e b r a i c  monomial: a product  o f  c o n s t a n t s  o r  parameters  (col-  

l e c t i v e l y  termed t h e  " c o e f f i c i e n t * )  and v a r i a b l e s  w i t h  a s s o c i a t e d  

e x w n e n t s .  Using s t anda rd  a l g e b r a i c  n o t a t i o n  a t y p i c a l  monomial 

might be w r i t t e n  as 

This  express ion  may be cons idered  a monomial i n  t h e  v a r i a b l e s  X,  

P, Z ,  a monomial i n  Y ,  25 w i t h  X as a parameter ,  o r  any o t h e r  

m t h e m a t i c a l l y  a c c e p t a b l e  combination.* I f  t h e  v a r i a b l e s  are X, 

U, Z t hen  +23 i s  t h e  c o e f f i c i e n t  w h i l e  i f  t h e  v a r i a b l e s  are X,  Z 

*Note t h a t  t h e  u s e  o f  t h e  word " v a r i a b l e "  h e r e  is r a t h e r  t r i c k y .  

The X, U are n o t  v a r i a b l e s  i n  t h e  FORT sense  s i n c e  t h e  monomial 

is  d a t a  i n  t h e  form o f  a s t r i n g  o f  symbols and X, P, Z are c o n s t a n t s  

i n  t h a t  d a t a  s t r i n g .  However, t h e y  are v a r i a b l e s  i n  t h e  monomial. 

To be very careEul, one should probably d e f i n e  d a t a  vari inbles and 

language v a r i a b l e s .  Hwever ,  s i n c e  w e  would vatrker avoid  this 

pedant ry ,  t h e  word v a r i a b l e  w i l l  be used wi*out mod i f i e r s  when 

t h e  meaning i s  clear from c o n t e x t ,  



then $ 2 3 ~ ~  i s  the coefficient, I n  EBRA I data variables 

and parameters mustbe represented by single l e t t e r s  and it i s  

usually necessary t o  make i4n expl ic i t  statement &out which l e t t e r s  

are variables and which are parameters, Prom .monomials we can 

construct polynomials and rational function (rat ios  of polynomials) 

by the usual rules of algebra 7 .  The purpose of the ALOEBRA 

system is  to  provide a tool  for  complex manipulations on the data- 

monomials, polynomials and rational functions. 

Ideally one would want the s e t  of a l l  possible data t o  be 

closed under the s e t  of allowable operations. This is  the case 

for example i n  the FORT language where the s e t  of data i s  the 

f i e ld  of rea l  numbers: a s e t  tha t  i s  closed under the operations 

of addition and multiplication. I n  the development of an algebra 

mnipulation system a similar resul t  is obtained i f  the data i s  

the f i e ld  of rational functions with rea l  coefficients and the 

operations are addition and multiplication. This s e t  is  closed 

under these operations and it rmains so i f  one allows the additional 

operations of division, differentiation, and substitution of a 

rational function for  a variable, However, when one begins t o  

alPm l i t e r a l  expressions including parmeters i n  the coefficients 

and exponents of the polynomials, practical  limitations on the 

complexity of t h e  method of internal representation of the data 

causes a breakdown i n  the desired closure properties, An analogous 

breakdwn i n  closure appears i n  mmerical manipulation systems, 



(e,g., FORT , AXOL) as a limitation on the size of the data 

elements (numbers) which can be handled, In the AfiGEBRA I system 

this breakdown in closure appears as a limitation on the complexity 

of literal expressions appearing in the data (polynomials and 

rational functions) that is accepted as input or obtained as the 

result of manipulation, This section gives a complete discussion 

of the data limitations in ALGEBRA I. Unfortunately these limitations 

are somewhat complex and not always as easy to remember as the 

parallel limitations appearing in nuerical languages, However, 

the user of simple polynomials with few parameters can be reasonably 

certain that he will encounter no difficulty. The user of more 

complex structures can either study this section in detail or let 

the system diagnostics "teach" him the current data limitations. 

Hopefully the built in tests on allowable data fomat will keep 

him out of trouble, 

Before proceeding it is worthwhile to point out one other 

data fomat limitation occurring because of the physical limitations 

of the teletype, which is currently the only available input/output 

2 3 device. Tke monomial +23X U Z discussed earlier would be ewressed 

to the A X E B M  systm on the teletype as 

Any polynomial or rational function would have all of its monomials 

expressed in an equivalent fashion as expnents must always be 

indicated by t . 



Since polynomials and monomials are special cases of rational 

functions, the t e rn  RE' w i l l  be used i n  the seqael t~ represent 

the generic class  of data-objects - monomials, polynomials, and 

rational functions - treated by the EBRA system, TPle tern 

rational function w i l l  always denote a non-degenerate rational 

function (i.e.,  a ra t io  of polynomials). 

2 .1  Expressions 

I n  the fornation of monomials certain groups of terms called 

expressions may be used. One kind of expression w i l l  be called a 

. A coefficient expression i s  a s t r ing of 

characters inside of parentheses and possibly having a numeric 

exponent. Examples are: 

A coefficient expression may appear as  a part  of the coefficient 

i n  a monomial, It i s  said t o  be convertible w i t h  respect to  a 

given se t  of variables* i f  the contents of the outer s e t  of 

parentheses is  an RF i n  that  se t  of variables conforming t o  the RF 

*By th i s  we mean l e t t e r s  which are understood t o  be variables 

i n  the context i n  which th i s  expression appears (see Section 3.1) . 



format limitations to  be given below. In the examples given above -. . . .. 
only the f i r s t ,  second and l a s t  expressions are onvertible i f  

X, Y are variables .w 

A second kind of expression used L.I monomia formation is 

the exponent expression. The exponent expression i s  a polynomial 

with no exponents, variables o r  - parentheses included i n  an outer 
I 

s e t  of parentheses. :Examples are: 

where A, B and C are no$ pariables i n  the RF where these expressions 

appear. 
lk- *-- 
u. 2.2 Monomials 

The basic form for a simple monomial i s  

(coefficient) (variable) t (exponent) . -- 
Within the ALGEBRA I system the following restrictions on the 

.I I L M  
data format of simple md~6mials must be ob~e6d: .- - 

*The C O S ( X + ~ )  term i n  the second expression w i l l  be treated simply 

as a product - - of .. the . three parameters C ,  0, and S time the coefficient 
- 8 

--;, - -. . -= - 
- 8  2 8  I (. 

..-. .. . L .  - 8 .. . - - - . . - . - .  
.z . ,  " '  - 1 )  7 r 7 .  - . 8 - -  . - . ' . .  1 '  - - '  

1. .. .-.I ' - -  
. . L '. !.> 

expression ( ~ + 3 ) .  m e  ALGEBRA I system does not recognize trans- 
. - - ,  8 8 

1 1 - ' a I I ,  
7 J  - -..- . . I .  

cendentai funct'iuxra, ? 



1, Coefficients - may be numbers, parmeters* o r  coefficient 

expressions, Naunbers may be i n  FORT I o r  F fomats ,  

Parameters may have e ~ o n e n t s  but the exponents must be 

numeric. Coefficient expressions may have exponents as  

described i n  3 below, 

2 ,  Variables - single l e t t e r s  specified as  variables by the 

user, (The specification procedure i s  described i n  

Section 3.1 belsw.) 

3. Exponents - an exponent expression, o r  a monomial of 

numbers o r  l e t t e r s  not containing any exponents (the 

+ s i g n  may be omitted i n  t h i s  monomial), or  variables. 

EBRA monomial w i l l  now be defined as  a signed con- 

catenation of simple monodals whose component parts  sa t i s fy  the 

restr ict ions stated above, Thus 

EBRA monomial):: t= (sign)(simpls monomial)\( 

(simple monomial) 

where (sign) is e i ther  a + o r  a - and the restr ict ions 1 through 3 

a b v e  are obsemed, Unity coefficients and eqonents may be 

omitted and i n  the l a t t e r  case the " t '  i s  also omitted. 

Because of the physical limitations s f  the teletype some 

freedom available i n  mathematical notations is  not available i n  

"Parmeters are single l e t t e r s  which ass  not understood t o  be 

variables i n  the context i n  aJhich they appear (see Seetion 3-1). 



2 
+2X 3Y and 

23 
+2X Y 

might be translated into the form 

at the teletype, To avoid this sort of ambiguity in the description 

of monomials, all characters following an ? ,  up to and including 

the first ) or up to but not including the next variable are 

considered to be part of the exponent of the preceding variable. 

Thus if X, Y are variables 

while 

2.3 Literal Polynomials and Rational Functions 

A literal polynomial is simply a concatenation of ALGEBRA 

monomials, 

(literal polynomial) : :=( EBRA monoaaial)!(literal polynomial) 
(AWEBRA monomial) 

Leading + signs can be omitted, if desired, The variables in a 

literal polynomial are specified at the time of input as described 

in Section 3 - 1 ,  A11 other letters are assurned to be parmeters, 

Coefficient expressions appearing in a literal polynomial are 

extracted by the algebra system and treated as separate terns 

during most manipulation. In this way, expressions appearing in 



the i n p u t  may be p r e s e m e d  i n  t h e  o u t p u t  o f  many manipulat ions .  

E x m p l e s  of l i t e r a l  mlynosn ia l s  axe: 

3%t 2+2=+5 ( A 9 3 ~ )  t z Y t 2  

3 ( A / B + S ) ~ (  ( -2~+3)+7Xt2~+3  

L i t e r a l  r a t i o n a l  f u n c t i o n s  are siraply r a t i o s  of l i t e r a l  

polynomials.  

( l i t e r a l  r a t i o n a l  func t ion )  t t = (( litera1 polynomial))  / ( (  litem polynomial 

m e n  t h e  nunaerator o r  denominator p o l p o m i a l s  of a r a t i o n a l  func t ion  

are s imply unsigned monomials the pa ren theses  may be omitted. 

Examples o f  l i te ra l  r a t i o n a l  func t ions  are: 

( 2 ~ , 2 + 3 ) / ( - 2 7 ~ ~ + 3 ~ )  

( ~ + 3 B t 2 ) / ~  

( ( ~ A + B )  t 2~+4)/(5IUL+6) 

I n  keeping wi th  t h e  p rev ious ly  mentioned p o l i c y  o f  u s ing  the tern 

EUF t o  d e s c r i b e  m n o m i a l s ,  pohynoraials, o r  r a t i o n a l  f u n c t i o n s  we  

now d e f i n e  

( l i t e r a l  ~ ) t : = ( l i t e r a l  p o l y n o m i a l ) f ( l i t e r a l  r a t i o n a l  f u n c t i o n )  

3, $he A%IGEBE$A Language 

Sta tements  i n  t h e  EBWA language are used t o  a s s i g n  nannes 

t o  W and t o  d e s c r i b e  manipula t ions  t o  be performed upon t h e  PUF's 

which a r e  knawn t o  t h e  system. 

3 - 1  W Mames 

In the d e s c r i p t i o n  of manipulat ions  on RP it is u s u a l l y  

convenient  t o  u s e  names rather than  l i t e ra l  s t a t emen t s  o f  W v a l u e ,  



Names of t h e  form Pn, where n is a n  unsigned i n t e g e r ,  may be 

assigned t o  M? by simple assignment s t a t a e n t s  of  t h e  form 

(name) = ( l i t e r a l  RF) 

An example of  a simple assignment s ta tement  i s  

P2 = 3Xt2+4XY+5 

This  statement a s s i g n s  t h e  name P2 t o  t h e  l i t e ra l  RF appearing on 

t h e  r i g h t  of t h e  equal  sign. 

A t  t h e  time t h e  EZF is  assigned a name i ts  s e t  of  v a r i a b l e s  i s  

a l s o  defined. $he set of  v a r i a b l e s  f o r  a s p e c i f i c  RF  may be 

assigned both i m p l i c i t l y  and e x p l i c i t l y ,  An e x p l i c i t  v a r i a b l e  

a s s i g m e n t  i s  made by including an e x p l i c i t  v a r i a b l e  l i s t  i n  

parentheses  a f t e r  t h e  name i n  t h e  l e f t  hand s i d e  of  t h e  assignment 

s ta tement ,  The assignment s ta tement  f o m a t  i s  then 

(name) ( ( e x p l i c i t  v a r i a b l e  l is t ))  ( l i t e r a l  RF) 

Thus t h e  assignment statement 

de f ines  P2 a s  t h e  l i te ra l  polynomial on t h e  r i g h t  with X, Y a s  

i t s  e x p l i c i t  v a r i a b l e  l i s t ,  Letters appearing i n  t h e  e x p l i c i t  

v a r i a b l e  list are t h e  of t h e  RF. 

A l l  letters which have been e x p l i c i t l y  assigned as v a r i a b l e s  

i n  A X E E M  s t a t m e n t s  a r e  s to red  by t h e  AUEBBW system i n  a g loba l  

v a r i a b l e  l ist  c a l l e d  VAR, m e n  a new W name with an e x p l i c i t  

v a r i a b l e  l is t  i s  inpu t ,  i ts  e x p l i c i t  v a r i a b l e  list i s  merged wi th  



VAR s o  t h a t  a t  any t i m e  VAR conta ins  a l l  claaractsrs which have 

been defined as v a r i s b l e s  s i n c e  t h e  system w a s  i n i t i a % i z e d , *  When 

an a s s i g m e n t  s ta tement  does no t  conta in  an e x p l i c i t  v a r i a b l e  

l is t  a l l  letters appeasing i n  t h e  l i t e ra l  W which are c u r r e n t l y  

on VAR a r e  taken as v a r i a b l e s  f o r  .&he P;LF, These letters are 

s a i d  t o  be of t h e  RP. 

Letters appearing i n  t h e  l i t e ra l  p a r t  of an assignment 

statement which a r e  n o t  on VAR or included i n  an eb~glicit v a r i a b l e  

list following t h e  n m e  are considered as p a r m e t e r s  and a r e  s t o r e d  

by t he  A W E B ~  system i n  t h e  g lobal  p a r m e t e r  list** bshich i s  

c a l l e d  PAR, I f  a t  any time a p a r m e t e r  (a le t ter  c ~ n t a i n e d  on PAR) 

i s  included i n  an e q l i c i t  v a r i a b l e  list, t h e  warning message 

PA TER USED AS VAmAdE%LE 

i s  p r i n t e d  t o  t h e  u s e r  and t h e  s t a t w e n t  containing t h e  erroneous 

e x p l i c i t  v a r i a b l e  l is t  i s  re jec ted .  

I n  genera l  an W may have both i m p l i c i t l y  and e x p l i c i t l y  

assigned v a r i a b l e s ,  That i s ,  some l e t t e r s  appearing an may be 

e x p l i c i t l y  assigned as v a r i a b l e s  because they appear i n  an e q l i c i t  

*me u s e r  may examine t h e  con ten t s  o f  VAR wieh P;he cornand VARIABLES. 

See Sect ion  4.2 below, 

**me system n m e  for t h i s  s t r i n g  is PAR but  t h e  u s e r  may e 

it with the cornand CONST S. See Sect ion 4-2 below. 



variable list while other le t te rs  may be implicitly assigned as 

variables because they appear on VAR a t  the time the RP" is nmed. 

For example, i f  VAR contains X I  Y then the assignment statement 

defines P23 as the name of the l i t e r a l  rational function on the 

right with X,  W as an explicit  variable l i s t .  Following acceptance 

of t h i s  statement by the system, the s t r i n g  VAR contains X I  Y ,  W 

and the l e t t e r  B has been added to PAR. I n  th i s  case the le t te rs  

X ,  W are explicitly defined variables of P23 and Y i s  an implicitly 

defined variable. 

The l is t  of a l l  variables appearing, both explicitly and 

implicitly, i n  a l i t e r a l  RE' i s  termed the local variable l ist  

for the W, en the above example the local variable l i s t  for P23 

i s  X,  U ,  W. This l is t  is used i n  the generation of the internal 

representation of the RF (Section 7.1) . Moreover, a l l  monomials 

i n  the RF must sat isfy the format restrictions of Section 2.2 

w i t h  respect to i t s  own local variable l is t ,  Thus i f  VAR contains 

W, X,  U, Z then the statement 

would have X, 'ie, W as a local variable l is t  and therefore has an 

i l legal  fomat (variable i n  e nent) . Note that  the le t ters  
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3 . 2  E B W  E w r e s s i o n s  and  Manipu la t ion  S t a t m e n t s  

EBRW e x p r e s s i o n  is a mathematicalby correct cornhination 

s f  W ,  p a r e n t h e s e s  and o p e r a t o r s ,  The operators which  c a n  appear 

i n  E B ~  e x p r e s s i o n s  are: 

4- a d d i t i o n  

- s u b t r a c t i o n  

* m u l t i p l i c a t i o n  

/ d i v i s i o n  

// n u m e r i c a l  d i v i s i o n  

B 6 ]/BX d i f  f e r e n t i a t i o n  

I ( )BX i n t e g r a t i o n  

D e t a i l s  a b s u t  the operators and their  operands  are g i v e n  i n  the 

n e x t  s e e t i o n ,  

S i n c e  glE" can be a s s i g n e d  n m e s  it i s  u s u a l l y  more c o n v e n i e n t  

t o  u s e  W names rather t h a n  l i t e r a l  RE' i n  f o m i n g  mGEBRZh e x p r e s s i o n s .  

Tkus i n  d i s c u s s i n g  EBRA e x p r e s s i o n s  the te rm RF w i l l  be assumed 

t o  mean e i t h e r  RIF n w e s  o r  l i t e r a l  W. When a n  RF n m e  a p p e a r s  i n  

a n  e x p r e s s i o n  the  i n c l u s i o n  o f  a n  e x p l i c i t  v a r i a b l e  l is t  i s  o p t i o n a l ,  

I f  one  i s  i n c l u d e d  t h e  S G E B W  I s y s t e m  checks  it a g a i n s t  the 

e x p l i c i t  variable l i s t  g iven  when the  RE? name was a s s i g n e d  a v a l u e  

f i , e . ,  when the I$g;" was d e f i n e d ) .  I f  t h e  two do n o t  a g r e e  a sub- 

s t i t u t i o n  i s  i n d i c a t e d  as d i s c u s s e d  i n  S e c t i o n  3.3 below. I f  no 

s u b s t i t u t i o n  i s  i n t e n d e d  the i n c l u s i o n  of e x p l i c i t  v a r i a b l e  lists 



L-- 

with names in expressions is acceptable but not recommended 

because of the inherent typing and system checking delays, Examples 

of ALGEBRA expressions are: 

~2+P3-P10+~4 (x ,Y) 

(P5-~7) *P8 

2xt 2-3X+P5 (2x+3) 

ALGEBRA expressions are used to describe manipulations to be 

performed on literal RF and RF names. When RF are substituted for 

the names appearing in an expression the prescribed manipulation 

can be carried out and a result obtained. This result is termed 

the value of the expression. The results of the manipulations 

described by an ALGEBRA expression can be assigned a name with a 

manipulation statement. The general form for a manipulation 

statement is 

(name)-(expression) 

This statement assigns the value of the expression (i.e., the 

result of the manipulation specified in the expression) to the 

name on the left, For example 

P3 (x) =3Xt 2+2x+5 

followed by 

P4sP3- (7~+100) 

would give P4 the value 

3Xt 2-5X-95 



3 , 3  E B M  Opera t ions  

The o p e r a t i o n s  a v a i l a b l e  i n  ZU;GEBRA are b a s i c a l l y  t h e  sme 

as t h o s e  a v a i l a b l e  i n  e lementary ca l cu lus .  F i r s t ,  t h e r e  are t h e  

f o u r  b a s i c  b i n a r y  o p e r a t o r s  

a d d i t  i o n  + 
s u b t r a c t i o n  ... 

m u l t i p l i c a t i o n  f 

d i v i s i ~ n  / 

The arguments of t h e s e  o p e r a t o r s  can be a r b i t r a r y  EBRA express ions .  

D iv i s ion  of  two polynomials simply conve r t s  t h e m  t o  a r a t i o n a l  

func t ion  wh i l e  the o p e r a t i o n s  +, -, or  + on r a t i o n a l  func t ions  

l e a d s  to the gene ra t ion  o f  n w  r a t i o n a l  f u n c t i o n s  ove r  a s i n g l e  

comon denominator, 

An a d d i t i o n a l  b i n a m  o p e r a t o r ,  denoted by //, causes  a 

n m e r i c a l  d i v i s i o n  o f  t h e  c o e f f i c i e n t s  i n  an  express ion .  F o r  

example 

~ 3 = ( e w r e s s i o n ) / / 5  

would a s s i g n  t o  P3 t h e  va lue  o f  t h e  exp res s ion  w i t h  a l l  c o e f f i c i e n t s  

d iv ided  by 5 e  

I n  a d d i t i o n  t o  t h e  above b i n a r y  o p e r a t o r s ,  t h e r e  are unary + 

and - operators and una-ry o p e r a t o r s  for  the d i f f e r e n t i a t i o n  o f  

and i n t e g r a t i o n  of p l y n o m i a l s .  D i f f e r e n t i a t i o n  i s  i n d i c a t e d  by 



and integration is indicated by 

I (u) DV 

where u is an expression and v is a letter on the global variable 

list.* In integration the expression u must have as its value a 

in which the variable of integration appears with only 

nmsric exponents. mese numeric exponents may have a zero value 

but may not be equal to -1. In addition, the variable of integration 

may not appar in any coefficient empressions. 

An additional operation available in EBRA is substitution. 

If Pn was originally defined with an explicit variable list then 

~n ((expressionl) , (eqression2), . . . , (essionk)) 
has as value the new RF generated by substituting the indicated 

expmssions for the explicitly defined variables in Pn. Substitution 

is made for the variables in the order in which they were given 

in the original explicit local variable list. Substitutions of 

this fsm cannot be used for implicitly defined variables or 

parepmeters (however, see WITH modifiers - Section 4.13) . Sub- 
stitutions producing results which violate the data format 

restrictions described in Section 2.2 or in cases where Pn contains 

non-convertible coefficient expressions are illegal and are 

rejected by the AEGEBrPA system, A substitution where the n ~ a s r  

of expressions included in the substitution operation 

*me parenthesis may be omitted if u is a single name or monomial- 



( i , e , ,  t h e  nuenber k i n  t h e  e x m p l e  Pn above) i s  less t h a n  t h e  

n u b e r  of  v a r i a b l e s  i n  t h e  o r i g i n a l  e x p l i c i t  v a r i a b l e  l i s t  i s  a n  

i l l e g a l  n u l l  s u b s t i t u t i o n ,  I n  t h e  oppos i t e  case where t h e r e  are 

t o o  m n y  e w r e s s i o n s  t o  be  s u b s t i t u t e d  t h e  excess expres s ions  are 

ignored and the s u b s t i t u t i o n  i s  excepted.  An a p p r o p r i a t e  d i a g n o s t i c  

i n d i c a t e s  what t ype  o f  i l l e g a l  s u b s t i t u t i o n  has been a t tempted  

' ( s ee  Sec t ion  7.2). 

Some e x m p l e s  of accep tab le  manipulat ion s t a t emen t s  us ing  

the above o p e r a t o r s  are: 

Pl=5X+D ~ P ~ * P ~ + P ~ ) / B X  

a3 ( ~ , ~ ) = ( ( ~ 4 + 5 = ) * ~ 7 ) / / 7  

me u s u a l  precedence mles f o r  o p e r a t o r s  i n  a l g e b r a  apply.  The 

numerical  d i v i s i o n  has t h e  sme precedence as d i v i s i o n  and succes- 

s i v e  d i v i s i o n s  are p e r f o m e d  from r i g h t  t o  l e f t ,  $hat i s  

~ l = ~ 4 / ~ 3 / ~ 2 / ~ 5  

means 

P l = ~ 4 /  ( ~ 3 /  ( ~ 2 / ~ 5 )  ) 

Paren theses ,  ( ) and [ 1. may be  used f r e e l y  t o  i n d i c a t e  

sequencing, Paren theses  surrounding l i t e ra l  W appear ing i n  

A%GEBE&B e w r e s s i o n s  do n o t  lead t o  t h e  i n t r o d u c t i o n  o r  c o e f f i c i e n t  

e x p r e s s i s a s  i n  t h e  RF involved,  Fo r  example i n  



~ 1 = ~ 5 -  (7x+3 (A+z)Y) 

the term ~x+~(A+z)Y is  not  treated as a c o e f f i c i e n t  expression 

b u t  the term A+Z is treated as a c o e f f i c i e n t  expression,  To 

avoid confusion a l l  m u l t i p l i c a t i o n s  i n  ALGEBRA expressions involving 

anything more complex than cons tan t s  and v a r i a b l e s  must be expressed 

by the * opera to r ,  

3.4 Output 

A manipulation s tatement  containing an expression on t h e  left  

hand side of an  equal  s ign  and n u l l  on the right hand side is 

i n t e r p r e t e d  as a reques t  for ou tpu t  of t h e  va lue  o f  t h e  expression 

on the left. I n  t h i s  case the value  of the expression on t h e  left  

i s  computed and p r i n t e d  on the c u r r e n t  output  medium (usual ly  the 

t e l e t y p e )  b u t  no naming of th i s  va lue  takes place.  The output  is 

normally preceded by a copy of the expression on t h e  left. For  

example, i f  

P1=2X+3 

P2=4Xt 2+2X 

then  the manipulation s tatement  

Pl= 

would produce the output  

P1=2X+3 

the manipulation statement 

2 +Pl+P2= 
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would produce the output 

2*~l+P2=4Xf2+6X+6 

and 

would produce the output 

Xt is sometimes desir&le to suppress the copy of the request 

so t h a t  only the value rewested is printed, This can be indicated 

by enclosing the output request in sguare brackets, %us the 

manipulation statement 

would produce the output 

and 

would produce the output 

3,s Indirect W Nmes 

The names mentioned previously (section 3.1) were limited 

to the Prs where n was a positive integer, More general falF 

nmes may be used in fom 

where the value of the expression is used to deternine the W 



may be used t o  genera te  subscr ip ted  RF n m e s ,  

I n  another  excunple, i f  

then 

would ass ign  the  name P9 t o  t h e  l i t e ra l  RF on t h e  r i g h t .  S 

t h e  output  request  

would produce t h e  output  

I n d i r e c t  W names may appear a n y h e r e  where FUF names are l e g a l ,  

4. me ALGEBEeB System 

1PPre AWEBRA system must be loaded under t h e  c u r r e n t  vers ion  

of SmBQL 67, A d e s c r i p t i o n  o f  the s t r u c t u r e  of  ALGEBRA I and 

t h e  SWBOL subrout ines  used i n  t h e  A X E B M  system i s  given i n  

Sect ion  7 , 3 .  A precompiled version o f  t h e  A Z E B W  I system c rea ted  

with the  S T B B  comand i n  SNOBOL 67 i s  usua l ly  a v a i l a b l e  and can 

be loaded and uz%n without  cornpiPation, Lsading procedure i s  

descr ibed i n  Sect ion 5,1, 
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m e n  complete ly  loaded t h e  A U E B M  system responds w i a  a 

s h o r t  v e r s i o n  message and then  spaces  o v e r  4 spaces  and p r i n t s  

a \ i n  colrrrsnn 5 i n d i c a t i n g  it i s  ready f o r  u s e r  i npu t .  The u s e r  

may then  type  &GEBM Sta tements  o r  Comands,  

4 - 1  A W E D M  Sta tements  

lChe basic flamat f o r  an  E B M  S t a t m e n t  i s  

(label):(msdifier)(manigu1ation s t a t a e n t ) ; ( g o t o )  

where the label i s  an  a r b i t r a r y  s t r i n g  o f  c h a r a c t e r s  (except  co lons )  

fol lowed by a co lon ,  t h e  mod i f i e r  i s  one o f  .&kae m d i f i a r s  t o  be 

described below (Sec t ion  4,$,%), t h e  manipulat ion s ta tement  describes 

any s f  the l e g a l  manipulat ions  covered i n  Sec t ion  3 and t h e  go to  

i s  a  label preceded by a semicolon, Blanks may be added a r b i t r a r i l y  

and t h e  s ta tement  is t e m i n a t e d  wi th  a c a r r i a g e  r e t u r n  (cR), One 

o r  more o f  t h e  e l a s n t s  of a s t a t emen t  may be omi t ted ,  Some example 

s t a t emen t s  are: * 
\PI ( X , Y ) = ~ X ~  2Y.j.2 cr  
\MP~:WITH Us3 :P3=Pl*Pl;MPbO c r  
\ms: t a d  cr 
\ ; B Q ~  ear 
\ - ~ : ~ 4 = 5 + ~ 1 + 3 * ~ 2  cr 
\=2:P4+Pl= c r  

4 .%,1  Statement s t o r a g e  and execut ion  

Statements without labels and no t  preceded by labeled state- 

ments are n o t  s t o r e d  by the A U E B M  system, I n  the n o m a %  o p e r a t i o n  

*me \ i s  inc luded  for c l a r i t y  i n  t h e  examples a l though n o t  typed 

by t h e  user ,  The c r  indicates a t e - q i n a t i n g  c a r r i a g e  r e t u r n  typed 

by the u s e s ,  



(execute mode) such s ta tements  are executed inunediately after 

r e c e i p t  and then discarded. I f  they  r e q u i r e  ou tpu t  t h e  ou tpu t  

i s  given immediately a f t e r  execution is completed. Once a label 

is encountered the ALGEBRA system starts saving i n p u t  statements.  

A l l  f u t u r e  s ta tements  are then saved (even unlabeled s tatements)  

u n t i l  an  END statement  is encountered.* A f t e r  an END statement  

unlabeled s tatements  are again  discarded u n t i l  a label is en- 

countered. 

Independent of the statement  saving f e a t u r e s  mentioned above 

i s  an execut ion c o n t r o l  fea ture .  I n  t h e  normal execution mode 

a l l  s ta tements  are executed immediately after inpu t ,  The 

a l t e r n a t e  procedure i s  the read  mode i n  which s ta tements  may be 

\ 

saved without  execution. I n  t h e  read mode saved s tatements  w i l l  

no t  be executed u n t i l  called as a procedure or  executed v i a  a @ 

command (Section 4.2.2). The execute  o r  read mode may be set 

wi th  the R and X commands descr ibed i n  Sect ion  4-2 below. 

Combinations of  the above op t ions  on s tatement  sav.ing and 

execut ion g ive  f o u r  d i f f e r e n t  modes of opera t ion  i n  t h e  ALGEBRA I 

system: 

Mode 1. Statements executed (mode X) and discarded - t h i s  mode i s  

f o r  the generat ion of simple r e s u l t s  and non-repet i t ive  

operat ion.  

*The meaning of the END statement  is  explained i n  the next  sec t ion .  



Node 2 ,  S t a t a e n t s  saved and n o t  executed (mode R) - t h i s  mode is 

f o r  the c o n s t m c t d s n  of blocks o f  s t a t emen t s  t o  be 

executed  a t  a later time. 

Mode 3 ,  S t a t m e n t s  executed (mode X)  and saved - t h i s  mode is  

f o r  t h e  c o n s t r u c t i o n  o f  b locks  o f  s t a t emen t s  f o r  p o s s i b l e  

later  execu t ion  and p m v i d e s  checking the r e s u l t s  as the 

block is  cons t ruc t ed ,  

Mode 4,  Statenaents d i sca rded  and n o t  executed (mode R) - t h i s  

mode is  of l i t t l e  va lue ,  

Modes 2 and 3 prov ide  f o r  t h e  c o n s t r u c t i o n  of b locks  o f  state- 

ments t o  be executed  as programs o r  procedures  ( s u b r o u t i n e s ) ,  

The use  of t h e s e  f e a t u r e s  i s  cons idered  i n  t h e  nex t  s e c t i o n ,  

4.1.2 D i r e c t  s t a t m e n t s  , p r o g r m s  autd procedures  

S t a t m e n t s  executed but n o t  saved i n  m o d e  1 m y  be called 

direct s t a t m e n t s ,  Exmples  of a set oP direct s t a t m e n t s  might 

be and t h e  r e s u l t i n g  output* are: 

Note t ha t  a l l  s t a t emen t s  are executed and o u t p u t  r e q u e s t s  answered* 

i m e d i a t e b y  after t h e  t e m i n a t i n g  CR, I f  t h e  first of t h e  above 

s t a t m e n t s  w e r e  labeled o r  a labeled s t a t m e n t  had preceded t h m  

+Response t o  o u t p u t  r e q u e s t s  are started i n  column 1, whi l e  t h e  



then these stataemts would still be executed imediately but they 

would also be saved so that &hey caulel be re-executed latsz, 

An E B M  proc$r;zunn is a block of statements terminated by an 

E m  statement: a statment of the form 

( label) : END 

where the label is optional. It may be executed by using the T&l 

cornand (section 4*2) or by execution of a direct statment 

containing a goto to a statement in Lhe program, An ALGEBECB 

program is mughly eqyivalent ts a SmWL or FORTMN program. 

Saved statements can be executed, deleted, edited, appended to, 

or printed on the telet~e by using the c ands given below 

(Section 4,2), A progrm may be created in mode 2 or 3 of Section 

$.l,P, m e  latter mode allws the user to test the program by 

ining the intemediate results of one test ease as the puogrm 

is being written, As an exmple of a progrm the saved statments 

could be saved in mde 2 or 3 and later executed with the statmeart 

Execution would terninate w i t h  the E m  s t a tmsn t  even though other 

saved statments follmed, If an E m  statement is not encountered 

execution te-minates with the East saved stakment (ass~ming it 

does not conta in  a goto), 



Saved s t a t emen t s  may a l s o  f o m  a procedure ,  roughly e q u i v a l e n t  

t o  a f u n c t i o n  i n  SNOBOL or FORT . A procedure  i s  a b lock  

of A G E B M  s t a t emen t s  t e rmina t ed  by a s p e c i a l  END s t a t emen t  of 

t h e  form 

( l a b e l )  :EW P][an(~ l ,  .. . , P m ) = ~ k ; ( e n t r y  label) 

where t h e  label is o p t i o n a l .  The procedure  name i s  PRn; where n 

i s  an i n t e g e r ,  P l  through Prn are RF names of t h e  arguments, 

md Pk i s  t h e  n m e  of the RIF whose va lue  i s  a s s igned  t o  fie name 

of  t h e  procedure  when t h e  procedure  r e t u r n s .  The e n t r y  label i s  

t h e  label o f  t h e  e n t r y  p o i n t  f o r  t h e  procedure.  m e n  a procedure  

i s  c a l l e d  by t h e  a p p e a r m c e  of a procedure  name i n  an  exp res s ion ,  

c u r r e n t  va lues  of the d narxles used i n  the d e f i n i t i o n  are saved. 

m e n  any exp res s ions  appear ing as arguments i n  the c a l l i n g  

s ta tement  are eva lua t ed  and ass igned  t o  the d n m e s  used i n  

t h e  d e f i n i t i o n .  Execution then  beg ins  a t  t h e  e n t r y  p o i n t  and 

con t inues  u n t i l  an  E m  s t a t a e n t  (of either t y p e )  i s  reached. A t  

t h i s  p o i n t  t h e  W i n d i c a t e d  i n  t h e  d e f i n i t i o n  (Pk i n  alwsve) i s  

eva lua t ed  and i t s  v a l u e  ass igned  as the v a l u e  sf  t h e  procedure  

n m e ,  me g l o b a l  v a l u e s  s f  t h e  d u m y  n m e s  are then  r e s t o r e d  and 

c o n t r o l  is  r e tu rned  to the c a l l i n g  EBEPA s t a t m e n t  f o r  f u r t h e r  

execut ion ,  e n t r y  a d  exit  proces ses  are s t r u c t u r e d  s o  t h a t  

procedures  can be r e c u r s i v e l y  de f ined ;  without any s p e c i f i c  state- 

ments by the u s e r  tha t  he i s  m k i n g  a r ecu r s ion  d e f i n i t i o n .  



Procedure  calls say occu r  i n  ALGEBRA s t a t emen t s  i n  the same 

manner a s  po lyncada l  nismes and may have a r b i t r a r y  

p r e s s i o n s  as arguments, I n  a l l  o p e r a t i o n s  procedure  cal ls  are 

treated as HIF n m e s  and the va lue  r e tu rned  t o  the procedure  name 

is  used i n  o b t a i n i n g  the va lue  of any  express ion  where t h e  procedure  

ca l l  appears .  

AS a n  e x m p l e ,  the procedure  

would a s s i g n  t h e  va lue  of P2 t o  the name PR1 when it was executed.  

It might be c a l l e d  i n  a n  BRA s t a t m e n t  of the $ o m  

\Pl2=PlO+Pll*PRl (P8, P~.C~*DP~O/DX) 

o r  it could  ca l l  i tself  as i n  

4.1.3 Sta tement  mod i f i e r s  

Three types  o f  s t a t emen t  mod i f i e r s  are a v a i l a b l e  i n  the EBRA I 

s y s k m .  The WITH modifier i s  used t o  p rov ide  .for s u b s t i t u t i o n  for 

v a r i a b l e s  and/or p a r m e t e r s  b e f o r e  the manipulat ion i s  carried 

o u t .  The SNOBOL modifier i s  used t o  test r e s u l t s  ob t a ined ,  

p rov ide  c o n d i t i o n a l  branching i n  A U E B B B  programs o r  c a l l  u s e r  

de f ined  SNOBOL p r o g r m s ,  me CQ MT m o d i f i e r  can h used to  

p r i n t  c o m e n t s  o r  t i t l e s  i n  the o u t p u t  data, m y  one or  all 

three t y p e s  of mod i f i e r s  may appear  i n  a s i n g l e  EBRA s ta tement .  



Tke basic fomat for the WITEiI mdifier is described as follms: 

(letter list) t :=(letter) f (letter List) , (letter) 
(expression list): :=(expression) I (expression list), (expression) 

(WITH modifier) : : ..WIm (letter list)=(expression list) ! 1 
(WITH modifier)(letter list)=(expression list)!/ 
(WITIP  modifier)^^^ (letter list)=(expression list)! 

A typical example of a simple WITH modifier might be 

WITH B=lO:C=5," 

or the ewivalent fom 

$his modifier mi_ght be used in the statements 

which would result in the output 

In most cases when multiple substitutions are prescribed in one 

WIm statement the substitutions are made shultaneously, This 

means that 

will replace all B8s with C8s st the same time that it is replacing 

all C % with A. The resulting statement will contain both CBs 

and A%, %his mode of substitution is in opposition to a sequential 

mode *ere all B g s  are replaced with C ' s  a d  then all C% are 



replaced with A % .  $ke result would then not contain any C8s 

since the last step replaces a CDs with Ass, Wile most sub- 
stitutions made with a e  WfTH modifier are shultaneous, lhitations 

on the manipulation routines in AUEBRA f leads to the occurrence 

of some sequential replacements, m e  specific rules %or substitu- 

tion are as follows: 

1, Simultaneous substitution for all variables appearing 

anwhere except in non-convefiible coefficient expressions 

(defined in Section 2 - 2 )  , 

2. Simultaneous replacement for all parameters except 

seqential replacement for parameters appearing in 

3 ,  No substitutions are made into non-convertible coefficient 

expressions. 

m e n  a non-convertible coefficient expression is detected during 

an attapted substitution the substitution is intermpted and a 

message indicating the conversion difficulties is output $0 the 

Multiple occurrences of the word Wfm in the modifier can be 

used to force sequential replacaent operations, In this case 

the right most WITIII is completed first with execution of other 

m w ' s  pmceeding to the left. n u s  the modifiers 



appearing i n  one s tatement  would first cause B% t o  be replaced 

by C 6 s  and then  C S s  t o  be replaced by A g s  r ega rd less  of  where 

t h e  B% and C ' s  occurred (as long as t hey  w e r e  not  contained i n  

non-convertible c o e f f i c i e n t  express ions) .  

Wken WIm modif ie rs  are used i n  s ta tements  conta in ing  pro- 

cedures t h e  WITH i s  app l i ed  t o  the va lue  returned by t h e  procedure 

before  the manipulation i s  executed. liowever, t h e  mTN i s  n o t  

app l i ed  t o  t h e  procedure arguments before  the procedure i s  evaluated,  

Thus wi th  P R l  def ined  by 

t h e  s ta tement  

produces t h e  output  

WITH statements  can be used to  set. t h e  va lues  of i n d i r e c t  

RF names i f  des i red ,  B u s  

ou tpu t s  t h e  va lue  of P2 when executed, 

A SHOBQL m d l i f i e r  allows one or  more SE96Ei8L statements  to 

precede the manipulalion,* The modif ie r  format i s  

(SNOWXI modif ier)  t t =(Sk.fgd]SC?L statement)?! 
(SPJOBQE m o d i f i e r ) ( ~ ~ ~ B O L  statement)?  

*A f a m i l i a r i t y  with SNOBOL 67 is  requi red  t o  understand p a r t s  of  

t h e  renaainder of t h i s  discussion.  See 



The AIGEBRA statement  i n  which t h i s  modif ier  appears and any goto 

appearing i n  t h a t  s ta tement  w i l l  be executed o n l y  i f  a l l  t h e  

SNOBOL s ta tements  i n  the modif ier  succeed. F a i l u r e  of  any one of 

the SNOBOL s ta tements  w i l l  cause an immediate t r a n s f e r  t o  t h e  next  

. ( sequent ia l )  AUiEBRA statement  i n  the program or procedure being 

executed.* SNOBOL modifjegs are q u i t e  u s e f u l  i n  t e s t i n g  i n t e r -  
I I 

mediate r e s u l t s  obtained i n  a program or procedure. The r e s u l t s  

of such tests can be used with gotos to provide cond i t iona l  

branching i n  ALGEBRA programs. 

Some s p e c i a l  SNOBOL funct ions  which can be called i n  a SNOBOL 

modif ier  t o  examine values obtained i n  ALGEBRA statements  are: 

~ ( ' u ' )  r e t u r n s  the va lue  i n  ALGEBRA i n t e r n a l  form of  the 

ALGEBRA expression,  u. (See Sect ion  7.1 f o r  a 

d iscuss ion  of  AUiEBRA i n t e r n a l  form. ) 

N ( ' v l )  succeeds i f  v is a RE' i n  i n t e r n a l  form which is 

numeric. Returns t h i s  numeric value to  N. 

N o t e  t h a t  s i n g l e  quotes  are needed around the arguments of the 

funct ions  N and V s i n c e  t h e s e  are l i teral  s t r i n g s  t o  the SNOBOL 

system. Other SNOBOL funct ions  def ined  by t h e  u s e r  can also be 

called i n  SNOBOL modifiers.  An example i l l u s t r a t i n g  t h e  use  of 

a SNOBOL modif ier  or an AIGEBRA statement  might be 

*The SNOBOL s ta tements  should n o t  have gotos as this  would r e s u l t  

i n  a t r a n s f e r  o u t  of  the ALGEBRA system. T h i s  type of error w i l l  

cause a d iagnos t i c  message from the SN$@L compiler. 
,.a 3 - . - .  . 
- 7 .  - - -  - , -  - - ' - a r r  ' h -  -.- 



\ P l = l  
  LOOP^: ~ 2 = 3 * ( ~ 4 + ~ 1 )  JCP5 . . . 
\ .EQ(N(V( 'Pl ' ) ) ,  "O"?;OUT 
\; LOOPI 
\OUT: " " "  

H e r e  P l  i s  used  a s  a loop  counte r .  When Pl=lO, a t r a n s f e r  o u t  

o f  t h e  l oop  ( t o  the EBRA s t a t e m e n t  l a b e l e d  OUT) is executed.  

I n  a n o t h e r  e x m p l e ,  a loop  c o n t a i n i n g  

would cause  a p r i n t o u t  o f  the v a l u e  of P l  t i m e s  P3 whenever the 

p roduc t  con t a ined  a tern of t h e  form 

NT l nod i f i e r  p r i n t s  a c o m e n t  i n  the o u t p u t  when the 

s t a t emen t  i n  whish it appea r s  i s  executed.  The m o d i f i e r  format  is 

d i f  ier): :gU(charactsr s t r i n g ) "  ( 
NT m o d i f i e r ) " ( c h a r a c t e r  s t r i n g ) "  

men a s t a t e m e n t  i n  which a comment m o d i f i e r  appears  i s  execu ted  

the character s t r i n g  appear ing  i n  t h e  double  quo t e s  is  p r i n t e d  

b e f o r e  the  manipula t ion s t a t emen t  i s  executed.  Thus a n  o u t p u t  

r eques t ed  i n  the manipu la t ion  s t a t emen t  w i l l  appear  after  the 

conunent. F o r  example, when execu ted  the l i n e s  

w i l l  produce as o u t p u t  

TWE VALUE OF Pl=3Xt2+4X+5 

vith the T of T m  becated in ct l -mn 1. 



W I T W ,  SNOBOL and COMLIEm mod i f i e r s  can be mixed i n  an a r b i t r a r y  

fashion in khe development ab a general modi f i e r ,  TIrus 

  modifier)::=(^^^^ m o d i f i e r ) l ( ~ N O B ~ L  m o d i f i e r ) \ ( C 0 ~ m k 3 ~  snodif ier) !  
(mod i f i e r )  ( m d i f  ier)  

i s  t h e  g e n e r a l  mod i f i e r  that  can appear  i n  an  ALGEBRA I s t a t m e n t .  

4.1,4 The PAUSE Statement  

A s p e c i a l  t y p e  o f  ALGEBRA s t a t emen t  which may appear  i n  any 

p r o g r m  is the PAUSE s t a t emen t ,  It may have a label o r  mod i f i e r  

b u t  no goto.  Thus t h e  format f o r  a PAUSE s ta tement  i s  

( label) : (modif ier)PAuSE 

m e n  t h i s  s t a t emen t  i s  executed t h e  system p r i n t s  t h e  message 

PAUSE AT p 

where p is t h e  label o f  the PAUSE s t a t emen t  o r  a preceding label 

and a displacement ,  the system then  r e t u r n s  t o  t h e  ready s 1 \ e  

A t  t h i s  p o i n t ,  t h e  u s e r  may examine va lues  w i t h  direct s t a t emen t s ,  

change v a l u e s ,  etc, Execution may be r e s t a ~ e d  a t  the s t a t a e n t  

fol lowing t h e  PAUSE, or any o t h e r  s t a t m e n t ,  by us ing  t h e  or 

START comands  (Sect ion 4.4,2) . 
4,2 S y s t m  Commands 

System Commands i n  APdGEBEUl I provide  the u s e r  w i t h  a capasbil i ty 

f o r  c o n t r o l  o f  system o p e r a t i o n  mode, execut ion  o f  programs, 

stakement: and pmgram e d i t i n g ,  p r o g r m  s t o r a g e  and p r o g r m  

r e t r i e v a l ,  



The commands are desc r ibed  below by word n m e  b u t  i n  a l l  

cases o n l y  t h e  f i r s t  let ter o f  t h e  vsord need be typed--a l l  

r e m i n i n g  c h a r a c t e r s  are ignored.  C nds may be i s s u e d  any t i m e  

t h e  \ has been p r i n t e d  ts i n d i c a t e  t h e  system" r ead ines s  for  

i n p u t .  C e r t a i n  commands r e q u i r e  arguanents, as described below, 

and a11 comands  (with p o s s i b l e  arguments) must be t e m i n a t e d  

w i t h  a CR, ~ i n e s  con ta in ing  system comrnaands are saved i n  

system mode (Sec t ion  4 , l .  1). 

4 ,2 ,1  Sta tement  r e f e r e n c e  

Sta tement  r e f e r e n c e s  r equ i r ed  i n  execut ion  conrmands and 

e d i t i n g  commands may be given i n  any one s f  t h r e e  forms: 

1, ~y s t a t emen t  number. Statsaaents are numbered s e q u e n t i a l l y  

i n  the o r d e r  i n  which they  are saved. The first saved 

s t a t emen t  is  numbered "1". 

2 .  By label,  or  label p l u s  p o s i t i v e  i n t e g e r  displacement.  

3. By "$", which denotes  the l a s t  l i n e  t h a t  has been saved.  

S ince  n o t  a l l  l i n e s  are saved one must be c a r e f u l  t o  o b t a i n  t h e  

c o r r e c t  l i n e ,  The PmP$P comand given b e l o w  ( s e c t i o n  4.2.3) 

may be used t o  examine a l i n e  when t h e  u s e r  is i n  doubt. 

l e s  of s ta tement  r e f e r e n c e s  are: 

atement w i th  label L1, 

atement after s t a tma t  lsaEaeled Lh. 

2 the second s ta tement  saved,  

$ $he l a s t  s ta tement  saved. 



- - 2 
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4.2.2 Mode and execut ion c o n t r o l  commands 

The system execut ion mode (Section 4.1.1) may be modified 

w i t h  the commands: 

READ accepts  AWEBRA statement  i n p u t  without immediate 

execution 
- I  4 - . , -.',--, - - " A 

w - -  '--m 
a l l  i n p u t  ALGEBRA s ta tements  a r e w a t e l y  

(normal mode) 

The following commands may be used t o  execute  saved blocks 

of s ta tements  o r  to cont inue execut ion following a PAUSE. The 

symbol p represents  a reference  t o  a saved s tatement  i n  any o f  

the three forms descr ibed i n  Sect ion  4.2.1. 

TPf P begins execut ion of  an ALGEBRA program s t a r t i n g  a t  

s tatement  p. T h i s  can also be used to  restart a pro- 

gram after a PAUSE is executed & i n s i d e  a procedure. 

START p used t o  restart after a PAUSE has been executed 

i n s i d e  a procedure. 

4.2.3 Edi t ing  Commands 

The s imples t  e d i t i n g  commands are the c h a r a c t e r  and l i n e  e d i t i n g  

commands used to correct errors i n  input.  ( A ~  or  Q~ means h i t  the 

A or Q while  depressing the c o n t r o l  key on the teletype.)  

deletes t h e  preceding character and 
p r i n t s  t .  May be repeated an 

- -  - . . a r b i t r a r y  number of t i m e s  t o  d e l e t e  - 
a s t r i n g  o f  preceding cha rac te r s .  

Example : \Pl+?tP2 • Typing after the ? causes ? to  
A= be deleted and t t o  be p r in ted .  

Input  then proceeds as usual .  



QC deletes t h e  c u r r e n t  l i n e  i f  it h a s  
n o t  been t e m i n a t e d  w i t h  a CR- P r i n t s  
* t o  i n d i c a t e  d e l e t i o n  and then 
causes  a CR and l i n e  f eed ,  The new 
v e r s i o n  o f  the l i n e  i s  t h u s  begun 

E B M  i n p u t  normally 
5 1 

Examle:  \pS(3,J;c Typing QC a f t e r  * p r i n t s  t h e  *, 
P2 (3 , X I =  deletes t h e  l i n e  and causes  a 

l i n e  feed  and CR t o  c o l u m  1 where 
a new v e r s i o n  o f  the l i n e  i s  begun, 

A d d i t i o n a l e d i t i n g  commands are used t o  modify a l r e a d y  saved 

b locks  of  ALGEBRA s t a t emen t s  ( s ee  S e c t i o n  4.1.1 about saving 

s ta te rnen ts ) .  The g e n e r a l  format f o r  a s t a t emen t  e d i t i n g  c 

(command name) ( s t a t emen t  r e f e r e n c e l ) , ( s t a t e m e n t  r e f e rence2 )  

The comma can be rep laced  by a space i f  d e s i r e d .  m e n  on ly  one 

s ta tement  l o c a t i o n  i s  needed t h e  comma and t h e  second l o c a t i o n  can 

be omit ted.  

The s t a t emen t  e d i t i n g  commands are l i s t e d  below. The p and 

q are s ta tement  r e f e r e n c e s ,  each i n  one o f  t h e  formats  desc r ibed  

i n  Sec t ion  4.2.1. 

APPEND p p r i n t s  t h e  e x i s t i n g  v e r s i o n  of l i n e  p 
t o  which t h e  u s e r  may append a d d i t i o n a l  
s ta tement  s t r u c t u r e s ,  The a d d i t i o n a l  
material i s  typed immediately fol lowing 
t h e  p r i n t i n g  of  t h e  e x i s t i n g  ve r s ion .  
me a d d i t i o n  i s  te rmina ted  wi th  a CR. 

DELETE p ,q 

\A L l  p r i n t s  t h e  l i n e  l abe l ed  L l  t o  
Ll:P3=P4+P2*Pl which t h e  u s e r  may add a g s t o ,  

fuP tke r  manipula t ion ,  ete, ,  
t e m i n a t e d  w i t h  a CR. 

d e l e t e s  s ta tement  p through s ta tement  q, 
I f  q i s  miss ing ,  o n l y  s t a t a e n t  p 
is  d e l e t e d .  



EDIT p replaced stataent p with the line 
t-ed belw &la@ cornand, 

\E El replaces the original line labeled 
Ll:P4*8+P5;L2 Ll with this line, 

LABEL p , ( label) puts the given label on statm~nt p 

Example: \L Ll,92 changes label on stataent El from 
Ll to 42, 

\L Ll+5,Q3 puts label 43 on statement fifth 
statement after Ll 

JenNT P , q  prints statements p through q on 
teletype (starting in col one) , 
If q is missing prints line p. 

4,2,4 Miscellaneous comiands 

CONSTANTS causes printing of the word PA TERS : 
follwed by the current parameter list, 

VARPABmS causes printing of the word VARaCABLE: 
followed by the current variable list, 

WRITE p,q causes EBRA statenaents p through q 
ON /file/ to be written onto the disc in the 

indicated file (ON is printed by the 
sys tem) 

REAI) /file/ reads EBRA statements from the 
indicated file, Appends statements 
from the file to existing saved 
statments. 

Examples: \WPIICTE El,Ll+5 writes A U E B M  statments LI through 
OH /AUP~O/ Ll+5 on disc file 

\mm elO/ reads E B M  staa;ments f PTQB di sc 
file 

5, Sample Programs 

'flais section provides some smplei grogrms illustrating the 

applicakion of E B M  2 ,  Most of the features of ishe language 



w i l l  be i l l u s t r a t e d ,  b u t  due to  space l b h i t a t i o n s  t h e  a p p l i c a t i o n s  

discussed w i l l  be r a t h e r  e l a e n t a r g l .  

5.1 Loading P mcedure 

The AEGEBRA I system is  loaded under SNOBOL 67, a s p e c i a l  

vers ion  of COM-SW SNOBOL. I t  i s  h e r e  aesuaaed t h a t  w e  have 

a l r eady  "logged i n "  t o  t h e  COPa-SWARE system and a r e  c n i c a t i n g  

with t h e  COM-SWARE Executive. The necessary s ta tements  f o r  loading 

SNOBOL are as Z o l l m s  (statements typed by t h e  u s e r  are underlined-- 

each u s e r  inpu t  i s  assurned t o  be terminated with a c a r r i a g e  

return--the c r  f o r  c a r r i a g e  r e t u r n  i s  only  ind ica ted  i n  t h e  examples 

where i t s  use a s  a l i n e  te rminator  might not  be obvious. 

SNOBOL 67 VER.6-3-69 
ER OF LITE STRINClS TO BE USED = 

$RE- 
FROM 

ALGEBRA I 
VER. 

The - i n  t h e  f i r s t  l i n e  is t h e  COM-SMREI Executive ready 

s w o l .  The f i r s t  l i n e  i n s t r u c t s  t h e  Executive t o  load and execute 

t h e  d i s c  f i l e  esntainiaag the SmBOL 67 ggrogr-~ me hssadiag for 

SrJ8BOE 67  khen appears, followed by the SmmE 67 ready s w o l  $. 

TFte READ tel ls  the SNOBOL Executive t o  load t h e  E B M  f system 

and t h e  :T:T begins t h e  execution of  the  ALGEBRA program. me 



heading f o r  EBRA I P;hen appears, follawed by the backslaeh, \, 

i n  e o l m n  5 ,  i n d i c a t i n g  k h e t  t h e  EBRa SYst- is ready t o  

accept  s ta tements  o r  cornand9 as descr ibed i n  Sect ion  4 above, 

% .2 Simple Operations with Di rec t  Statements 

The f o l l m i n g  l i n e s  i l l u s t r a t e  some d i r e c t  s t a t m e n t  manipula- 

t i o a s ,  Note t h a t  a l l  s ta tements  are tyged a f t e r  t h e  \ i n  c o l  

while  output  from khe computer s tarts  i n  c o l  lo exception 

C t o  t h i s  m l e  is t h e  case  where a l i n e  i s  d e l e t e d  with Q . The 
d e l e t i o n  i s  i n d i e a t &  by a followed by a c a r r i a g e  r e t u r n  and 

l i n e  feed, me new vers ion  a f  t h e  l i n e  i s  then s t a r t e d  i n  column 1, 

Were w e  s ta r t  d i r e c t  s t a t m e n t s  a t  t h e  \. 

c o r r e c t  version)  
~ l ( 2 , 5 ) = 5 2  

\ P ~ P l - 1 ~ 4 1 1 9 ~ " + 3 ~ * ~ 2 - ~ ~ 5 / ~ ~  
\ 

\ (type ESC fonaowed by CR) 
$ ( type G') 



- - 
m 
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0 

TIME USED 
CPU: 0.50 MIN 
CON: 0 ,55HQUS 

Note t h a t  t o  leave t h e  AWEBRA I Systegi you must do an ESC 

followed by a CR. This  leaves  you i n  SNOBOL 67 from which you 

e x i t  t o  t h e  COM-SH Executive wi th  a Then twe ( f o r  

log o u t )  t o  the COM-Smm Executive t o  disconnect  from COM-SMAm. 

The t ime you used is given a t  log out .  

5,3 S m p l e  U s e  of a Procedure 

Assuming tha t  " log  i n n  is c m p l e t e d ,  t h e  following exeuaple 

i l l u s t r a t e s  t h e  use of  a procedure, "%"his procedure genera tes  

dhebyshev polynomials using a s tandard recurs ion  r e l a t i o n .  ghe 

first p a r t  o f  this example i s  a l i s t i n g  (using t h e  P l , $  command) 

of t h e  procedure narned PRl which has been i n p u t  and saved i n  earlier 

opera t ions ,  'Phe second p a e  s t a r t i n g  a t  P19*~1(5) [ 
procedure to p r i n t  ou t  Clhebyshev p o l y n o ~ a l s  up t o  n er 5. Mote 

h w  t h e  procedure cal ls  the rJ and'V funct ions  i n  a SNOBOL modif ie r  

t o  test  whether t h e  n e r  of  polynomials requested ( s to red  i n  ~ 1 0 0 )  

i s  l e s s  than o r  equal  t o  one, 



\P2;=rP3;~P5 
\ c P ~ O :  [P [ ~ l ~ o c l ]  I== 
\ ~ P 3 0 :  END P R ~  ( ~ 1 0 0 ) = P l ;  CP1 
\I? l 9 = ~ ~ 1 ( 5 )  
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5.4 Generat ion of  a Symbolic Lyapunov Punc t ion  

This is a rather complex e x m p l e  demonstra t ing the u s e  sf 

E B M  language i n  the g e n e r a t i o n  of symS3olic Lyapunov func t ions .  

me method of Lyapunov f u n c t i o n  gene ra t ion  i l l u s t r a t e d  is  a modified 

f o m  of W a l l  @ s procedure  , one of the many gene ra t ion  

t echn iques  e a s i l y  i w l e m e n t e d  i n  the EBRA I s ~ s * m *  T h i s  

example is  inc luded  o n l y  t o  i l l u s t r a t e  t h a t  the language has some 

a p p l i c a b i l i t y  t o  complex a l g e b r a i c  p r o b l a s ,  It i s  n o t  in tended  

Lo suggest t h a t  the procedure  i l l u s t r a t e d  i s  an  e f f i c i e n t  approach 

t o  Lyagunov func t ion  genera t ion .  R e s u l t s  r e l a t i n g  t o  e f f i c i e n t  

a l g e b r a  manipulat ion techniques  for  Lyapunov f u n c t i o n  gene ra t ion  

w i l l  be published ebeewhere. 

*is axmp%e uses a SWEOL modi f i e r  which c a l l a  a r akke r  

cmplex, u s e s  coded, SNOBOL franction c a l l e d  FACT, me ca l l  to 

FACT i n  t h i s  p r s g r m  simply r e t u r n s  t o  tke n m e  PI99 * e  esef- 

E i e i e n t  of the w l y n o m i a l  P2 found i n  the wlynowaial P 3 ,  m e  FACT 



f u n c t i o n  i s  listed below f o l l m i n g  t h e  load ing  and running o f  

the Lyapunov gene ra t ion  program, 

I n  t h i s  example t h e  program is  used t o  g e n e r a t e  a Lyapunov 

f u n c t i o n  f o r  t h e  fol lowing t h i r d  order system of o r d i n a r y  d i f f e r e n t i a l  

equa t ions  : 

t h e  r e s u l t  is  found t o  be 

me prograan beg ins  with u s e r  i n p u t  of s t a t m e n t s  i n  mAC, mode, 

( ~ a r k i n g  of u s e r  input w i a  unde r l i n ing  i s  dropped i n  t h i s  e x m p l e , )  

F o l l w i n g  t h e  E m  statenaent f o r  PRl t h e  u s e r  swi tches  t o  X mode 

and i n p u t s  t h e  d i f f e r e n t i a l  e m a t i o n ,  M e  t hen  uses  a T@ comand 

t o  s t a r t  execut ion  a t  t h e  s ta tement  l a b e l e d  VF, The o u t p u t  is  

t h e  result o f  i n t e g r a t i n g  c e ~ a i n  func t ions  o f  t h e  r i g h t  sides 

of  t h e  d i f f e r e n t i a l  e p a t i o n s  a long  s p e c i a l  p a t h s  i n  x,y,z space,  

These o u t p u t s  are tested (using procedures  described e l s m h e r e )  

f o r  s i g n  d e f i n i t e n e s s ,  The f i r s t  ou tpu t  (denoted PATH XIIZ and 

enclosed in brackets) is found t o  be positive definite and thus 

given a satisfactory Lyapwov func t ion  i n  t h i s  case, 



\R 
\VDT: P~O=DP~O/DX*P~+DP~~/DY*P~+DP~~/DZ*P~ 
\END PR2 (~10)=~20tVDT 
\w: FACT(V('P~'),V('P~'))? 
\P~(x#Y #~)~-P3+P199*P2 
\p5 (x,Y ,Z)-P3-P199*Pl 
\p6 (X,Y 2)=Pl+P2 
\ n ~ l  = 
\"w2 3 Ycp5]= 
\"w3 = aCp6j= 
\ ~ 1 2 = 1 ~ 4  (X,O ,O)DX+IP5 (XbY ,O)DY+IP6DZ 
\ u ~ ~ ~ ~ ~ ~ z  V -  nD121= 
\ w ~ ~ =  m [ ~ ~ ( ~ 1 2 D =  
\ ~ 1 2 = 1 ~ 4  (X,O ,O)DX+IP6 (X,O ,Z)DZ+IP5Dy 
\ l l ~ ~ ~ x m  v =  "k121= 
\*VD@T = II (P12 
\~12=1~5 (0 ,Y ,o)DY+IP~ (x,Y ,O)DX+IP~DZ 
\ m ~ ~ m m z  v =  "Cpu]= 
\"VDpIT = BRZ (P12)J = 
\~12*1~5 (O,Y,O)DY+IP~ (O,Y~Z)DZ+IP~DX 
\ l l ~ ~ ~  YZX v = * k123= 
\*VD@T = ' kR2 ( ~ 1 2  a = 
\P12=1P6 (0 ,Z)DZ+IP4 (X,O ,Z)DX+IPSDY 
\"PATH pn v = $123 = 
\"VD@T = wpR2(~12)J= 
\ ~ 1 2 = X ~ 6  (0 ,O ,Z)DZ+XPS (0 ,Y ,Z)DY+IP~DX 
\"PATH ZYX v = ,I e121- 
\"VD@T = p~2(~12)]= 
\END P R ~  (P97)=P4;vF 
\x " .  

\P1(XDYbZ)=Y 
\P2 (xDYbz)erz 
\P3 (X,Y,Z)=-Y~ 28-z-Y-X 
\T$ VF w 

W1 = Y + X  - w - - . - 
' t d  . , - - .  

W2 Yt3 + 2Y + Yt2Z + Z + x.-\: 
w3 = Z + Y  
PATH XYZ V = 0.5~t2 + YZ + 0.25Yt4 + Yt2 + XY + 0.5Xt2 

SUCCESS imflT I - Yt2Zt2 
PATH XZY V = 0.25Yt4 + Yt2 + 0.3333333333Yt32 + YZ + XY + 0.5Zt 
+ 0.5Xt2 
VDBT m - 0,3333333333Yt5Z - 0.333333333Yt32 - 10018634066Et (-10)Yt 
Zt2 - 0.3333333333Yt4 - 0.3333333333XYt3 
PATH YXZ V = 0.5~t2 + m + XY + 0.5xt2 + 0.25Yt4 + ~ t 2  
VDtbT = - Yt2Zt2 
PATH YZX V = XY + 0.5Xt2 + 0.5Zt2 + YZ + 0.25Yt4 + Yt2 
VDpi'P = - YtZZt2 



PAW ZX'il V 0.25Yt4 + Yt2 + 0.3333333333Yt32 + YZ + XY + 0.5Xt2 
9 0,5Zt2 

VD@T z - 0,3333333333Yt52 - 0.333333333Yt3Z - le018634066E?(-10)yt2  
272 - 0.3333333333Yt4 - 0.3333333333XUt3 
PATH ZUI1: V =L XY + 0,5Xt2 + 0,25Yt4 + Yt2 + 0.3333333333Yt32 + YZ 
+ 0.5Zt2 

VD@T .. - 0.3333333333YtSZ - 0.333333333Yt3Z - l , 0 8 6 3 4 0 6 6 ~ t ( - l Q ) Y t 2  
2 ~ 2  - 0.3333333333Yt4 - 0.3333333333mt3 

The u s e r  coded SEJOML f u n c t i o n  FACT i s  l i s t e d  below t o  

i l l u s t r a t e  t h e  u s e  o f  SWWL s t a t m e n t s  i n  complex tests and  

e v a l u a t i o n s ,  The SNOBOL s t a t m e n t s  i n  PACT are s imply  loaded 

(and t h e r e f o r e  compiled) i n  SNQBOL 67 a f k e r  $he ALGEBRA I system 

i s  loaded b u t  b e f o r e  it i s  execu ted .  ( I t  i s  u s u a l l y  a d v i s a b l e  t o  

erase t h e  Smk28L s @ s l i e s  to save space  - see 1 .) A f t e r  FACT L I 
i s  loaded t h e  AUEBPLB 1 s y s t m  i s  execu ted  (us ing  $:T:T - see 

S e c t i o n  5.29 and any c a l l s  t o  FACT o c c u r r i n g  i n  a SNOBOL m o d i f i e r  

i n  t h e  m E B M  program are a u t o m a t i c a l l y  recognized ,  



Note t h a t  PACT calls the  SNOBOL function SAME, NDVD, and MUL which 

are basic p a r t s  of t h e  ALGEBRA I system, Their  function is mentioned 

i n  Section 7.3. 
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9 ,  Appendices 

7 , l  I n t e r n a l  RepresentationofBo~ynoania~a, Rat iona l  Func t ions  and 

rn Nmes 

me e x t e r n a l  language w i t h  which %he u s e r  conaaaunicates w i t h  

t h e  EBEBA I system has been chosen f o r  maximum u s e r  convenience 

and s i m i l a r i t y  t o  hand w r i t t e n  a l g e b r a  n o t a t i o n ,  However, s i n c e  

such n o t a t i o n  i s  n o t  t h e  msst  c o ~ v e n i s n t  f o m  f o r  t h e  m n i g u l a t i o n s  

t o  be  c a r r i e d  o u t  by t h e  computer a convers ion from e x t e r n a l  t o  

i n t e r n a l  fom is  c a r r i e d  ou t .  F o r  l i t e r a l  RF the e x t e r n a l  t o  

i n t e r n a l  convers ion i s  handled by a sub rou t ine  c a l l e d  C O m P  

whi l e  W naanes am csnveac$ed t o  i n t e r n a l  f o m  by t h e  ALGEBM f 

Execut ive  (WXIEC), S ince  t h e  u s e r  may, i n  solme c a s e s ,  need t o  

d e a l  w i t h  t h e  i n t e r n a l  r e p r e s e n t a t i o n  of W o r  aF names--for example 

if he u s e s  the V func t ion  (Sect ion 4 , l )  o r  d e f i n e s  a new W i n  a 

SNOHPOL modifier-- the fol lowing paragraphs  d e s c r i b e  t h e  i n t e r n a l  

r e p r e s e n t a t i o n s  employed i n  EBEaA %, An a p p r e c i a t i o n  o f  t h e  

i n t e r n a l  r e p r e s e n t a t i o n  o f  l i t e r a l  W also h e l p s  t o  e x p l a i n  some 

of  t h e  l i m i t a t i o n s  on data f o m a t  g iven  i n  Sec t ion  2.  

Trhe i n t e r n a l  t o  e x t e r n a l  convers ion o f  IBF i s  handled by a 

s d r o u t i n e  c a l l e d  GQNIE, Some scr l i n g  of terns is  i n e v i t a b l e  

b u t  every a t t empt  i s  made te  esllect l i k e  tems whenever p o s s i b l e  

so  "LPat t h e  ou tpu t  f s m a t  i s  r e l a t i v e l y  n e a t  m d  similar t o  t h e  

r e s u l t s  expected i n  hand manipulat ion,  



7,1.2 Representation of  monomial tems 

A wlynomial  i s  represented  a8 a string of monomial tems st 

i n  t h i s  d iscuss ion  t h e  major m p h a s i s  w i l l  be placed on i n t e r n a l  

representa t ion  o f  m o n o ~ a l  terms, 

me i n t e r n a l  r ep resen ta t ion  o f  a monomial term has t h e  $om 

(sign)(coelficient)(variable or expression)(sxponent).-0 

. , , (variaible or express ion)(e  

For  exnmple i f  X,  Y ,  Z are v a r i a b l e s  and A ,  B, G are parameters: , 
3x1 2Ut 3Z i s  represented as +3X2U3Zls 

-3Xt (~A+B) 4 W  is represented as -12X2A+lSYlZl :  

Sif a e r e  are any parsmeters appearing i n  t h e  c o e f f i c i e n t  they  may 

have n u e r i c  e nents  sskich are represented as above, For e let 

3 A t  2Xt2U i s  represented as +3A2XZPl: 

Coef f i c i e n t  expressions are removed from t h e  monorial and 

replaced by d y n m e s  denoted by i n t e g e r s  i n s i d e  of  e x c l  

marks, such a s  @!3iM Each i n t e g e r  corresponds to  a d i f f e r e n t  

coef f i c i e n t  expression, For e le: 

- 1 7 ~ ( 2 ~ + G )  t2Xt 3 i s  represented  as -17: 1!2AU3: 

where t h e  ," l d  r ep resen t s  t h e  eqrsess ion  ( 2 ~ + 3 )  and t h e  2 i n d i c a t e s  

the fact %hat the expression i s  s w a r e d .  (Mote t h a t  e m n e n t  

e m r e s s i o n s  replaced by names bu t  c o e f f i c i e n t  

exgaressions are replaced by d nmes.)  Wre examgles arc: 

-23At 2 (3X+2) 9 (~A-I-I)XZ ( 3 ~ + 2 ) ~ ( 2 ~ + 5 X )  



5 1  

i s  represented as -23 !2 :2A+l!3 ! 1MX3A+2ul; 

where !2 t repregents  3X-ii.2 and t 3  J r ep resen t s  2Z+5X, ~ h i l g i ~ t l y ,  

+15A? 3Xt (27B-C)6BYt - 3 Z t  (-2A) 

i s  represented as +90A3BLX2 7B-la-3Z-2Al 

7,1,3 ~ s p r e s e n t a t i o n  o f  polynomials 

Since polynomials are simply s t r i n g s  of monomials, t h e  repre- 

s e n t a t i o n  i s  l ikewise  a s t r i n g  of nzonomial representa t ions ,  How- 

e v e r  t h e r e  am two a d d i t i o n a l  requirements, F i r s t ,  each polynoaaial 

carries w i t h  it a l o c a l  v a r i & l e  l i s t  (see Sect ion 3.1), This  l o c a l  

v a r i a b l e  l i s t  Wpeare a t  a e  beginning o f  t h e  i n t e r n a l  representa t ion .  

Second, each monoradLal i n  the polymomial must inc lude  a l l  v a r i a b l e s  

i n  t h e  l o c a l  v a r i a b l e  list. Those no t  a c t u a l l y  appearing i n  t h e  

e x t e r n a l  monomial representa t ion  are w r i t t a  i n  t h e  i n t e r n a l  f o m  

with s zero  a nant. Var iables  i n  t h e  i n t e r n a l  r e p r e s a t a t i o n  

of ia polynonaial always appear i n  each monomial i n  t h e  same o r d e r  

i n  which they  appear on the local v a r i a b l e  l ist  w h i l e  t h e  local 

v a r i a b l e  l i s t  is ordered according t o  t h e  sequence of occurrence 

of i t s  v a r i a b l e s  i n  a e  g loba l  v a r i a b l e  f i s t  VAR, Thicr order 

c o r r e s p n d s  t o  t h e  o r d e r  of their  d e c l a r a t i o n s  as v a r i a b l e s  i n  

s t a t m s n t s  (Section 3, lb ,  

me g a e r a l  fom f o r  i n t e r n a l  r ep resen ta t ion  of a polynomial 

f s 

 variable list)t(nzonomial)<m~n~~hii%l)~*~(monomial) 



Sf it is assuared that the global variable list VAR mntains only 

X, Y then 

PI (x,Y) =3wxtzut -3+2 (A+B) t 2~~91+27~+5 

is represented as :~:+3W~X2Y-3:+2!]b!2XlYl:+27XlYO:+5XOYO: 

P2 (x,Y)=~ is represented as : m: +3XOYO: 

but 

P3.03 is represented as : :+3: 

However if the global (system) variable list VAR contains z then 

P4=2 7XC3Y is represented as :XY: 4-2 7XlYO:+3XOYl: 

while 

P5==2 7Z+3X is represented as : XZ: +27XOZlt+3XlZO: 

Note that the letters on the local variable list always appear in 

tihe s m e  order as they appear on the global variable list, However, 

manipulations can increase the size of the local variable list of 

any polynodal. 

If VAR contains Z then 

P7 (X,Y)=~ (A+B) t 2 M t  (2+B)Y+3Wt 2X4Y+7 

is represented as 

0 . :+9!2!2B3X2+1BYlWO:+l2X1YlW2:+7XOY~O: 

E e s e  the W is included in the pol~omial variable list because it 

is on the global variable list (i,~,, it is an implicitly defined 

varidle of ~7). 



7,1,4 R e p r e s a t a t i o n  o f  Ra t iona l  Func t ions  

S ince  r a t i o n a l  f u n c t i o n s  a re! r a t i o s  o f  polynomials,  t h e i r  

i n t e r n a l  r e p r e s e n t a t i o n  i s  s imply a mod i f i ca t ion  o f  t h e  represen ta -  

t i o n  o f  two polynomials,  The g e n e r a l  form f o r  t h e  i n t e r n a l  

r e p r e s e n t a t i o n  of a r a t i o n a l  f u n c t i o n  i s  

/(polynomial)/(polynsmial) 

There is an  a d d i t i o n a l  r e q i r e m e n t  t h a t  bo th  polynomials i n  an  

i n t e r n a l  r a t i o n a l  func t ion  must have t h e  same local v a r i a b l e  l is t ,  

Mote t h a t  an i n p u t  which is i n  mixed f o m  e x t e r n a l l y  such as 

~1 (x ,Y)=x+u / (~x+~  )+4U 

i s  t r a n s f o m e d  t o  a r a t i o  s f  two polynomials (pu t  o v e r  a cornanon 

denominator) b e f o r e  convers ion is c m p l e t a d ,  Thus tb i n t e r n a l  

r e p r e s e n t a t i o n  o f  &he P l  above would be t h e  sasne as t* i n t e r n a l  

r e p r e s e n t a t i o n  o f  

P2 (x,Y)= (3xt 2+2x+12m+91~) /(3x+2 ) 

The comon  i n t e r n a l  r e p r e s e n t a t i o n  would be 

/:~:+~X~Y'~:+~X~UO:+~~X~Y~:+~~OY~:/:~:+~X~YO:+~XOUO: 

It is  impof ian t  t o  n o t e  tha t  mixed func t ions  of appa ren t ly  s imple  

form may r e q u i r e  many symbols f o r  a e i r  i n t e r n a l  r ep re sen ta t ion .  

A9n except ion  t o  ag? above rules on r e p r e s e n t a t i o n  o f  r a t i o n a l  

f u n c t i o n s  occur when the denominator i s  pure ly  numeric, I t  is 

then  divided o u t  $0 reduce t h e  r a t i o n a l  f u n c t i o n  t o  a s i n g l e  

polynomial,  



7,1,5 Representation of  RF Mames 

W names are i n t e r n a l l y  represented by the P n er  or i n d i r e c t  

name value  converted t o  i n t e r n a l  form followed by t h e  name tag 

"Tne %bus P5 i s  represented by :t+S:T where t : + S :  i s  t h e  i n t e r n a l  

r ep resen ta t ion  o f  t h e  l i t e ra l  polynomial 5, S i m i l a r l y  i f  VAR 

con ta ins  X ,  VI thw P is  represented by 8 : + l J l r T  w h i l e  P 

i s  represented by rXr+3X2:C2XOrTe Thus a SNOBOL statement  of the 

form $ ' $ :+l2: T '=tXUr+3XlJ%2 t -2XOY1:+lOXOYOt 

i s  t h e  i n t e r n a l  representat ion* o f  t h e  EBRA statement  

7.2 Diagnostic Messages 

This  s e c t i o n  g ives  a complete l i s t i n g  and explanat ion of a l l  

d iagnos t i c  messages generated i n  the EBRA I system, The messages 

are l i s t e d  a lphabe t i ca l ly .  Each message i s  followed by a l i s t i n g  

of t h e  source subrout ine ( i n  ptnrenthesis) ,  and a s h o r t  conwaent 

about t h e  e r r o r ,  For  an e e l a n a t i o n  of  source subrout ine narnes 

and subrout ine funct ions Sse Sect ion  7.3, 

m e n  an e r r o r  i s  de tec ted  t h e  proper message(s) is  p r i n t e d  on 

t h e  t e l e t y p e ,  i f  execution i s  i n  progress  it is  halted and t h e  

s y s t m  r e t u r n s  t h e  \ i n d i c a t i n g  it is await ing f u r t h e r  input .  

+The i n d i r e c t i o n  i s  requi red  here because t h e  s m o f  + i s  n o t  

al lwed  i n  @-licit nmas i n  SkWOeOL 67. 



C T BEFF, WITIJ ,  MSPECT T# A PAR, (DIP) 

D i f f e r e n t i a t i o n  allawed o n l y  wi th  r e s p e c t  t o  letters 
c u r r e n t l y  on t h e  g l o b a l  v a r i a b l e  list VAR. 

C A N M ~ T  I ~ E G .  a w a ~ ,  ~ m -  

i o n  i s  allwed for polynsmi 

C IWEG. WITH mSPECT IYd A PAR. 

I n t e g r a t i o n  i s  a l l w e d  on ly  wi th  r e s p e c t  t o  let ters 
c u r r e n t l y  on the global v a r i a b l e  list VAR, 

$he Lorn ( )  h a s  been found i n  t h e  i n p u t  polynomial,  

I n p u t  p o l y n m i a l  o r  r a t i o n a l  func t ion  c o n t a i n s  an  
unbalanced p a r e n t h e s i s ,  on one o f  t h e  sequences +, +-, 

A n m h r  is be ing  s u b s k i t u t e d  i n t o  a v a r i a b l e  or  
parameter  which has a f l o a t i n g  m i n t  exponent. 

A d i v i s i o n  s i g n  was found i n  a n  e q o n e n t .  

DUPL, DEFM, [=me) 

The label i n  $he i n p u t  l i n e  i s  t h e  s m e  as a p r e v i o u s l y  
used l a b e l .  

BUBL. DEPN. m T m E  LABEL (BEmC) 

$Pie Labof used on an EDIT or  LWlEaEL i a  a d u p l i c a t i o n .  
R s t s e  khe label o n l y  on t h e  nex t  l i n e ,  

E W ~ @ N E ~ S  T HAVE E X P ~ ~ N T S  ( c @ ~ z  ) 

An e e o n e n t  e q r e s s i s n  o r  a ntatgineric c o e f f i c i e n t  c o n t a i n s  
an e m n e n t ,  



One or more of  i=he f a l l w i n g  ~"nisraeters appear in t h e  
inpu t  l i n e  i n  an i l l e g a l  context .  

?**qbS#" ! : ; ( ) 

ILLEGaL E a T  (mmc) 

A pmcedure a t t a p t e d  t o  execute  more l i n e s  than t h e r e  
w e r e  l i n e s  i n p u t  because procedure runs o f f  the end of 
saved s t a t m e n t s  without  encountering and s t a t m e n t .  

IbLEOlhL, START 

a s  START comand czur only be used t o  cont inue after  a 
PAUSE i n s i d e  of a procedure, To execute  a block of code 
use the  cornand. 

nd cannot be used i n s i d e  a procedure. 
U s e  STmT, 

ELLEG- S W S T t  VAR, LIST EF . (REXEC) 

A s u b s t i t u t i o n  cannot be made un less  t h e  v a r i a l s  l i s t  
was e q l i c i t l y  given when t h e  RF w a s  naaaed. A W I N  modif ier  
ean s t i l l  be used. 

An E B M  s t a t m e n t  h a s  i l l e g a l  syntax,  an e d i t i n g  
cornand has no blank spaces o r  t o o  rnany blank spaces,  o r  
the l i n e  i s  eomlpletely unrecognizable as e i t h e r  a 
statement o r  a cornand, 

I M C ~ L ~ ~ S I S T E ~  wxm (=me) 

"PBke WIFE statmeat is a t t m p t i n g  t o  replace  t h e  sme 
leetes o r  v a r i a b l e  t w i c e ,  

%"he eoef ,  e q r e s s i o n ,  v a r i a b l e  or  p a r m e t e r  i n t o  which 
a polynomial expression w a s  s u b s t i t u t e d  is r a i s e d  t o  a 
negat ive sr f loa t ing-poin t  p w e r  and cannot be ewanded, 



PAR. USED S VAR, (mmc) 

a le t te r  p r e v i o u s l y  used as a parmeter is now be ing  
used as a v a r i a b l e .  

The v a r i a b l e  of i n t e g r a t i o n  appears; i n  t h e  p o l y n o h a l  
t o  the -I p o w e r  and cannot  be i n t e g r a t e d ,  s i n c e  t r a n s -  
cenden ta l  f u n c t i o n s  are n o t  ,allowed i n  Al[rGEBltAo 

SUBST, GEmRATES BN. ICN ExPZ~N, (SUB 1 

The polynomial exp res s ion  which i s  being s u b s t i t u t e d  
f o r  a parameter  i n  an e w n e n t  h a s  a d i v i s i o n  i n  it, 

(sm) 

me polynomial expres being  s u b s t i t u t e d  
for a parameter  i n  a n  e q o n e n t  has p a r m e t e r  i n  it raised 
t o  a p m e r  g r e a t e r  t han  1, 

SWST, G E ~ H E A ~ S  VAR, IN EXMN. ( S W )  

A polynomial express ion  conta in ing  a v a r i a b l e  i s  being 
s u b s t i t u t e d  for  a parameter  which appears  i n  a n  exgonent, 

A s u b s t i t u t i o n  of a n u l l  va lue  for a v a r i a b l e  or  
parmeter has occurred.  Xf a z e r o  i s  in tended  it must 
be s t a t e d  e x p l i c i t l y .  

lCke polbynomial express ion  which is being s u b s t i t u t e d  
f o r  a parameter  i n  an e q o n e a t  has a c o e f f i c i e n t  
express ion  i n  it, 

An e d i t i n g  e nd OP a go to  u s e s  an undef ined label, 

EF. B ~ L U ,  USED 

A polynomial n m e  used i n  an e w s e s s i o n  h a s  never  been 
de f ined  i n  p rev ious ly  executed s t a t m s n t s ,  



UN%)EF, VALUE 

An e r r o r  has occurred i n  the evalua t ion  of  an e w r e s s f o n  
o r  polynosmial. A message from t h e  appropr ia t e  subrout ine 
m y  precede t h i s  s ta tement ,  

VAmABLES /6R NESTED PA= S N@ 

A parenthesized exponent expgession has nes ted  parenthes is ,  
o r  a v a r i a b l e  is used i n  an  exponent. 

7.3 S y s t a  Organization* 

The AmEBRA I system i s  made up of a set of  packages w r i t t e n  

i n  SNOBOL 67. M o s t  of  the packages are w r i t t e n  as SNOBOL 67 u s e r  

def ined  funct ions* f o r  ease i n  prog ing and t o  t a k e  advantage 

o f  the l o c a l  garbage c o l l e c t i o n  f e a t u r e  of  SNOBOL 67 (see Ref, 1 

f o r  deta i ls) .  A complete l ist  of t h e  var ious  packages showing 

names and c a l l i n g  arguments and a s h o r t  d e s c r i p t i o n  o f  t h e i r  

funct ion  i s  given below. Addit ional  d e t a i l s  on system organiza t ion ,  

loading procedure, etc,,  w e l l  be published i n  another  document, 

Some i n d i c a t i o n  of the organiza t ion  of the AIX;EBRA I system and 

t h e  calls between packages i s  ind ica ted  i n  F ig ,  1, The uns ta r red  

func t ions  i n  Fig. 1 are requi red  i n  polynomial manipulations, The 

s t a r r e d  funct ions  i t i o n a x  requirements f o r  manipulation of 

r a t i o n a l  funct ions ,  

ADD(A,B) add tm RE"; r e tu rns  t h e  sum, 

ALPH(A, @ ,'Y! ') c o l l e c t  and d e l e t e  the numeric terms i n  
%he a l p h a n m e r i c  s t r i n g  A: r e t u r n  t h i s  
r e s u l t  i n  B, and t h e  sum of t h e  numeric 

*An understanding of SmBBL 67 i s  a s s u e d  i n  tihis section, 



Fig. 1 AXEBRA I System Orgamizatisn 



CLL (A) c o l l e c t  l i k e  terms i n  polynomial A 

@@=I (A) perfom e x t e r n a l  to internal  RF c o n v e r s i o ~  

p e r f o m  i n t e r n a l  t o  e e e r n a l  RF conversion 

d i f f e r e n t i a t e  RF A with  respec t  t o  
v a r i a b l e  i n  T 

EXPA(A, 'T') i n  A expand the c o e f f i c i e n t  expression 
i f  TmO; expand t h e  c o e f f i c i e n t  expressions 
generated by a s u b s t i t u t i o n  of an expression 
f o r  a v a r i a b l e  o r  parameter i f  -1, 

i n t e g r a t e  polynomial A wi th  r e spec t  t o  
v a r i a b l e  i n  F, 

M I  NUS (A)  change t h e  s ign  o f  each monomial term i n  
polynomial A, 

@A mult ip ly  two RF, r e t u r n  t h e  product,  

m W ( A , N )  d iv ide  the polynomial i n  A by t h e  n 

REXEC c o n t r o l  the flow of user" program p a r s e  
t h e  l i n e s  o f  a l g e b r a i c  expressions,  genera te  
t h e  cal ls  t o  t h e  appropr ia te  subrout ines  
and p e r f o m  t h e  requested e d i t i n g  of 
s tatements ,  

(A, B, "C C" , 'D ) make polynomials A and B conta in  t h e  same 
set of  ~ r i a b l e s  and re tu rn  t h e s e  new 
polynomials i n  C and D respect ive ly ,  

s u b s t i t u t e  i n  RF A t h e  va lues  i n  t h e  l is t  
W f o r  the v a r i a b l e s  and/or p a r m e t e r s  i n  
t h e  l i s t  T, 

S~CSBTR(A,B) s u b t r a c t  two W ,  r e t u r n  t h e  d i f fe rence ,  

Saved s k a t a e n t s  may be referenced by: 



I. S t a t m e n t  n er ( s t a t emen t s  n ered s e q u e n t i a l l y  

as saved) ,  F i r s t  s t a e e a e n t  save% i s  n a a e r  1, 

2 .  By l a b e l  or  label + p o s i t i v e  i n t e g e r  d i s p l a c m e n t .  

3 .  By $ referring t o  the l a s t  l h e  saved, 

The comands  a v a i l a b l e  i n  AEGEBM I are desc r ibed  below. En 

t h i s  d e s c r i p t i o n  p and q are a r b i t r a r y  s ta tement  r e f e rences  i n  any 

of  t h e  forms desc r ibed  above, Only t h e  f i r s t  letter o f  any command 

is  requ i r ed  f o r  r ecogn i t i on  by t h e  system, Add i t i ona l  letters 

are ignored,  

A~ d e l e t e  an i n p u t  c h a r a c t e r .  

APPEW p p r i n t s  e x i s t i n g  l i n e  and a c c e p t s  a d d i t i o n  
by u s e r ,  a d d i t i o n  t e m i n a t e d  wi th  CR. 

p r i n t  p r e s e n t  c o n t e n t s  o f  g l o b a l  parameter  
l is t ,  

DELETE p d e l e t e  s t a t a e n t  p. 

DELETE p ,q delete stakeaaents p through q. 

EDIT p r e p l a c e  s ta tement  p w i t h  statsaaent  t o  be 
typed on nex t  l i n e ,  

LABEL p,( laPsel)  add i n d i c a t e d  label t o  beginning o f  l i n e  p 
o r  change label on l i n e  p t o  i n d i c a t e d  label, 

d e l e t e  an i n p u t  l i n e - - r e s t a r t  i n  c o l ,  1 

RE FUD accept  s t a t emen t s  wi thout  ediate execut ion ,  

Bm /file/ read s t a t emen t s  from i n d i c a t e d  f i l e  and 
append t o  e x i s t i n g  saved s t a t a e n t s ,  

START Lg reseast execut ion  a t  p *en p i s  i n s i d e  
a procedure,  

L - ~  wGyln ' execution or  r e s t a r t  (not in procedure) 
execution at p, 



print present contents of global variable 
list, 

WRSiTE p ,g writs statements p through q on indicated 
OH /file[ 

'G. 

disc file (word 01 tsed by the systenn), 

X execute statmeats diately after input 
(no 1 mode). 


